The dose from a semi-infinite cloud of a photon-emitting radionuclide is an idealization of an exposure situation, but it is a useful one, particularly for noble gases of long radioactive decay half-times, e.g., 85 Kr. This paper presents an analysis of absorbed dose to body organs for monoenergetic photons emitted in an infinite cloud. Twelve photon energies in the range 0.01 to 4 MeV were used in these calculations, and the concentration in the cloud was considered uniform. The energy spectrum of scattered photons is first calculated by the method of Dillman, and the resulting fluence is used as the source on an anthropomorphic phantom, essentially as considered in MIRD Pamphlet No. 5.
INTRODUCTION
Radionuciides present in the air may irradiate the body significantly as an external source in addition to the radiation received following inhalation or ingestion. In particular, the noble gases areof social importance due to the rapidity of their elimination from the body and the resulting low dose delivered from the internal source.
In many cases the external source can be assumed to be infinite, particularly for radionuclides of long radioactive decay half-times, e.g., 85 Kr u Even when a finite cloud is assumed, one may be willing to accept the conservatism inherent in the assumption of an infinite cloud at a concentration approaching the maximum observed or assumed concentration rather than resort to more accurate, but much more com- However, these results give no indication of the depth dose within the body or of dose to individual body organs« and it is not always conservative in that there may be a considerable contribution to dose from photons transmitted through the body.
METHODS
If a hypothetical photon emitter, emitting 1 photon of energy E o per disintegration, is considered to be distributed uniformly in an infinite cloud with intensity of 1 pCi/g air & (3.2 x 10 9 disinte-" grations/day)/g air, the dose rate in the air is 51 E o rad/day. If one considers an infinitesimal tissue element in the field, it will be irradiated by photons of a spectrum of energies not exceeding E o .
The first objective of the approach taken here is to calculate this energy spectrum. Because the initial photon may be assumed to be emitted isotropically, all succeeding generations of photons will also be distributed isotropically. Thus one need only calculate the spectrum of energies in energy space. The procedure for calculating this energy spectrum has been developed by Dillman, (Oillman, 1973) and the reader is referred to his paper for further details concerning the method used.
Photons chosen randomly from this spectrum of energies were programmed to impinge randomly on the surface of the phantom, the distribution of angles being chosen to represent art isotropic emission of photon.> in the cloud, that is, the direction was chosen from the cumulative distribution Expectation (e < e 0 ) = 2 sin 2 e 0 4 e being the acute angle the photon direction makes with the inward pointing normal to the surface* The phantom used was essentially that described in HIR0 Pamphlet No. 5 (Snyder et al., 2969} witfi the modifications mentioned in the SEE report (Snyder et at., 1973 ) The photon energy was determined by independent selection from the spectrum of Dillman (Diliman, 1973) . A sample of 60,000 photons was used for each monoenergetic source, and the values of dose per photon incident on the phantom are tabulated in Table 1 . The values not underscored had a coefficient of variation of less than 30% and were accepted on the basis of this calculation. In Table 2 Table 3 .
To obtain more accurate esimates for calculated values with coefficient of variation greater than 30%, we plotted the average dose found in the Monte Carlo calculations for various regions of the phantom whi -h are defined by a regular geometrical grid of surfaces.
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was based on the use of these 85 geometrical sub regions in the adult phantom. These regions allow one to plot depth dose profiles in the phantom, along the major and minor axes of the elliptical cross-section", for each of the five tiers in the trunk. These profiles were constructed for each photon energy. The data were fit, by use of a computer, with a smooth curve and the resulting sets of curves were used to provide estimates of the absorbed dose to the organs of interest. Typical depth dose profiles in tier one (the lowest tier in the trunk), plotted for photon energies of 0.03 and 1 MeV, are shown in Figure 2 . A schematic drawing of each organ was prepared which gave the location of the organ in the tier and the subregions which comprised the tier. Figure 3 shows a view of tier one and the location of the bladder in the geometric volume elements. By combining these schematic drawings and the depth dose profiles s an estimate of the absorbed dose to each organ or region was derived. These estimates of absorbed dose were used in the tables for organs which had a coefficient of variation in excess of 30%.
Before extensive use of this method was made in this study, a number of checks were made with statistically reliable data. The technique, described above, was used to provide estimates of absorbed dose to the major organs of the phantom for cases where the coefficients of variations were much less than 30%. These tests demonstrated that the technique could provide reliable estimates of absorbed dose for the majority of organs. Table 4 (Table   2 ) to complete the tabulations. As pointed out previously, these estimates have been underscored in Tables 1 and 2 . It is readily apparent that, in general, these estimates were required for low energy photons and/or for organs which had small volumes.
The absorbed dose from photons emitted in the decay of a meal radionuclide may be obtained by Interpolation or by extrapolation from these results. Clearly, the results will depend to some extent on the interpolation formula used, but for the extrapolated values, it appears the linear extrapolation to 0 probably produces a conservative estimate of dose since the dose versus energy curves we have examined appear to be concave upward in the energy region up to 50 keV. 
